Question: Which clinical measures of walking performance best predict free-living physical activity in community-dwelling people with stroke? Design: Cross-sectional observational study. Participants: 42 community-dwelling stroke survivors. Outcome measures: Predictors were four clinical measures of walking performance (speed, automaticity, capacity, and stairs ability). The outcome of interest was free-living physical activity, measured as frequency (activity counts) and duration (time on feet), collected using an activity monitor called the Intelligent Device for Energy Expenditure and Physical Activity. Results: Time on feet was predicted by stairs ability alone (B 166, 95% CI 55 to 278) which accounted for 48% of the variance. Activity counts were also predicted by stairs ability alone (B 6486, 95% CI 2922 to 10 050) which accounted for 58% of the variance.
Introduction
Much of rehabilitation is devoted to improving walking after stroke (Lord et al 2004) on the assumption that this will improve stroke survivors' ability to participate in their community (Bohannon et al 1991) . The purpose of this study was to investigate if clinical measures of walking performance predict free-living physical activity in community-dwelling stroke survivors.
Physical activity involves any movement of the skeletal muscles of the body that results in energy expenditure (Caspersen et al 1985) . It has often been measured using diaries and questionnaires (Washburn 2000) . However, more recently, activity monitors have become the goldstandard measure of free-living physical activity because they avoid the limitations of self-report methods such as recall bias (Rand et al 2009) . Algorithms based on normal performance, frequency, and duration data from activity monitors can be used to estimate aspects of physical activity such as energy expenditure, distance travelled, and speed of walking. However, some of the assumptions underlying the algorithms may not apply to stroke survivors because of their impairments such as weakness and loss of dexterity. For example, Michael and colleagues (2005) reported that stroke survivors have higher energy expenditure than normal when walking because of inefficiency arising from their impairments. Therefore, in this study we used an activity monitor and operationally defined free-living physical activity in terms of both frequency (activity counts) and duration (time on feet), (Berlin et al 2006) rather than energy expenditure.
Studies after stroke have found lower levels of free-living physical activity than normal. For example, Michael et al (2005) and Michael and Macko (2007) have reported the activity of community-dwelling stroke survivors as 2837 steps/day and 1389 steps/day respectively, which are both lower than the 5-6000 steps/day reported for sedentary adults (Tudor-Locke et al 2002) . Given such low activity levels, perhaps it is not surprising that stroke survivors are dissatisfied with their mobility and ability to participate in their community (Pound et al 1998) .
There has been some investigation of the relationship between walking performance and free-living physical activity. Alexander and colleagues (2000) examined community-dwelling frail older adults and found that selfreported walking performance was the best indicator of physical activity. More recently, Rand and colleagues (2009) reported a moderate correlation between 6-min walking distance and counts of activity in community-dwelling stroke survivors.
The purpose of this study was to extend the previous work by examining the relationship between a range of commonlycollected clinical measures of walking performance and free-living physical activity in stroke survivors. Therefore the specific research question for this study was:
Which clinical measures of walking performance (speed, automaticity, capacity and stairs ability) best predict free-living physical activity (frequency and duration) in community-dwelling people with stroke?
This information should aid in informing decisions around discharge from inpatient rehabilitation and determining the specific needs of stroke survivors in the community.
Method Design
A cross sectional observational study of clinical measures of walking performance and free-living physical activity in stroke survivors was conducted in a metropolitan city. Stroke survivors were recruited from the local community, including stroke clubs. Clinical measures of walking performance were collected on one day in a laboratory. Free-living physical activity was collected over two days. Each participant was randomly allocated a day of the week and wore the activity monitor on this day for two consecutive weeks. The days for measurement of free-living physical activity were counterbalanced across the week so that there was the same amount of data for each day of the week. Data were collected from 30 min after waking (ie, after showering and dressing) until 30 min prior to going to bed (ie, before undressing). Participants were instructed to carry out their routine activities.
Participants
Stroke survivors were included if they were over 50 years old, within 1 to 5 years of their first stroke, and able to walk 10 m independently without aids or orthoses. They were excluded if they could not speak English, or if they were aphasic and unable to follow instructions. Characteristics of participants such as age, weight, height, gender, side of hemiplegia, time since stroke, and whether they lived with their spouse were collected. Weight and height were used to calculate BMI (weight/height 2 ) in kg/m 2 .
Outcome measures
Predictors were characteristics of the participants (age, time since stroke, BMI, and spouse support) and four clinical measures of walking performance: speed, automaticity, capacity, and stairs ability. The examiner stood closely behind participants and maintained this position throughout all tests of walking performance to ensure their safety.
Walking speed was measured using the 10-m Walk Test in m/s (Wade 1992) . Participants were asked to walk 10 m on a level surface with their shoes off, without using any aid, and at their comfortable speed. Participants walked 2 m before the starting line and 2 m beyond the finishing line to allow for acceleration and deceleration. Participants performed this test twice and their scores were averaged.
Automaticity was measured as the ability to walk under dual and triple task conditions compared with comfortable speed. Participants were asked to walk 10 m under three additional conditions. The first condition was walking during a concurrent manual task (dual-manual) in which participants were required to walk while carrying (using their intact hand) a polystyrene cup of water, filled to within 7 mm of the brim without spilling the water (Canning et al 2006) . The second condition was walking during a concurrent cognitive task (dual-cognitive) in which participants were required to give a correct verbal response on hearing a stimulus: 'Yes' when they heard the word 'red' and 'No' when they heard the word 'blue'. The stimuli are presented using a cassette recorder at 3-second intervals in random order to prevent anticipation (Bowen et al 2001) . The third condition was walking during concurrent manual and cognitive tasks (triple task) in which participants were required to perform both the manual and cognitive task without errors (Canning et al 2006) . The average speed of walking under the three conditions as a percentage of participants' comfortable walking speed was then calculated.
Walking capacity was measured using the 6-min Walk Test and reported as distance walked in metres, according to the protocol recommended by the American Thoracic Society (ATS, 2002) . A 40-m corridor was used and participants were allowed to use their preferred aid.
Ability to negotiate stairs (stairs ability) was measured using the Timed Up and Down Stairs Test (Flansbjer et al 2005) and reported as stairs/s. There were 11 steps in the flight of stairs; each step was 140 cm wide, 17 cm high, and 30 cm deep. Participants were asked to stand 30 cm from the bottom of the first step and to quickly, but safely, go up the stairs, turn around on the top step, and come all the way down until both feet landed at the bottom. Participants could use any method including using the handrails.
The outcome of interest was free-living physical activity, collected using an activity monitor -IDEEA, the Intelligent Device for Energy Expenditure and Activity a . The small recorder weighs 58 g and it is clipped to the belt or waist of the pants. It monitors body motion through five sensors (1 cm 2 ) attached to the front of the chest, to the front of both thighs, and underneath both feet using medical tape. Postures (lying, reclining, sitting, standing, leaning), transitions (lie to sit, sit to lie, recline to sit, sit to recline, recline to stand, stand to recline, sit to stand, stand to sit), and gait (walking, running, up and down stairs, and jumping on both legs) are collected. The IDEEA has been found to be > 98% accurate for duration, frequency, type, and intensity of a variety of physical activities in normal adults (Zhang et al 2003) and reliable and valid for measuring walking in people with stroke (Saremi et al 2006) . We checked the accuracy of time on feet and activity counts in stroke survivors with various walking performance and found time on feet was 99% accurate and activity counts was 94%.
Free-living physical activity was reported as duration (time on feet) and frequency of activity (activity counts) carried out per day (Berlin et al 2006) . Time on feet was measured in minutes and involved the sum of the time spent walking, going up and down stairs, standing, and in sit to stand transitions. Activity counts were measured as the sum of the number of steps walked, stairs ascended and descended, and number of transitions. The averages of total time on feet and activity counts over two days were calculated.
Data analysis
We collected data on 42 participants in order to have sufficient power to enter 8 predictors into the regression analysis, since according to Tabachnick and Fidell (1989) the minimum requirement is at least 5 cases per independent variable. In addition, 42 participants meant that each day of the week was represented by data from 6 participants.
Shapiro-Wilk normality tests determined that the data were normally distributed for all outcomes except activity counts, which had positively skewed data. When a log transformation was performed to normalise the activity counts data, there was no difference in the regression results. That is, the deviation from normal was not so large as to affect the outcome of the analysis. Therefore, the original data were used in order to facilitate clinical interpretation.
Univariate analysis was undertaken using Pearson's correlation coefficient to examine the relationship between the predictors and free-living physical activity. Predictors with correlations of p < 0.05 were entered into a multivariate analysis. Stepwise multiple regression analysis was used to examine which aspects of participants' characteristics and clinical measures of walking performance best predicted free-living physical activity. To be included in the final prediction equation, predictors had to be significant at the p < 0.05 level or explain an additional 5% of the variance.
Results

Flow of participants through the study
Forty-two stroke survivors aged 70 years (SD 10) participated in this study (Table 1) . Their BMI was 26.4 kg/ m 2 (SD 4.3). Over two-thirds of the participants were male, approximately half were right hemiplegics, and most lived with their spouses. Walking speed ranged between 0.08 and 1.40 m/s (mean 0.80) with 14 (33%) participants walking faster than 1 m/s. Automaticity ranged between 20% and 93%. Walking capacity over 6 min ranged between 83 and 506 m; seven participants used a stick, two used a stick and ankle foot orthosis, and only one participant rested (for 34 s). Stairs ability ranged between 0.13 and 1.60 stairs/s with 28 (67%) participants using handrails. Free-living physical activity was monitored for a mean of 10.8 hr/day (SD 1.3). On average, participants spent 230 min (SD 115) on their feet, and registered 5656 activity counts (SD 4091).
Prediction of free-living physical activity
Univariate regression analysis showed that three clinical measures of walking performance (speed, capacity, and stairs ability), but not automaticity, were correlated with both measures of free-living physical activity (time on feet and activity counts) (r = 0.55-0.76, p < 0.001) ( Table 2 ).
When the predictors that were correlated (p < 0.05, ie, speed, capacity, and stairs ability) were entered into multiple regression, stairs ability was the only significant predictor of time on feet, with a regression coefficient of 166 (95% CI 55 to 278) and accounted for 48% of the variance in time on feet (Box 1). Clinicians could, therefore, predict time on feet by the following equation:
Time on feet (min) = 70 + 166 stairs ability (stairs/s) For example, if the stairs ability of a stroke survivor was average (eg, 0.80 stairs/s), they would be predicted to spend over 3 hours on their feet over the waking day. Similarly, when the predictors that were correlated (p < 0.05, ie, speed, capacity, stairs ability) were entered into multiple regression, stairs ability was again the single significant predictor, with a regression coefficient of 6486 (95% CI 2922 to 10 050) (Box 2). It alone accounted for 58% of the variance in activity counts. Clinicians could, therefore, predict activity counts by the following equation:
Activity counts (#) = -545 + 6486 stairs ability (stairs/s) For example, if the stairs ability of a stroke survivor was average (eg, 0.80 stairs/s), they would be predicted to have nearly 5000 activity counts across the waking day. 
Discussion
This group of ambulatory people living in the community after stroke exhibited varying levels of walking performance. On average, walking speed (Bohannon 1997) , automaticity (Paul et al 2005) , capacity (Enright and Sherrill 1998) , and ability to use stairs (Clemencon et al 2008) was about threequarters normal elderly performance. Liu and colleagues (2008) found that the mean walking capacity of people 1 year after their stroke (mean age 72 yrs) was 196 m (SD 119), which is about two-thirds of the walking capacity of our sample. This difference could be because some people in their study had had multiple strokes, which might have increased the residual walking deficit. In our population, the average 10-m walking speed was 0.80 m/s which according to a classification of walking handicap in stroke (Perry et al 1995) placed many of our sample in the highest 'unlimited community walkers' classification. However, a walking speed of 0.8 m/s is still not sufficient to accomplish some community tasks successfully (Hill et al 1997) , eg, crossing the street safely requires a walking speed of approximately 1 m/s (Nelson et al 1991) .
Three clinical measures of walking performance (speed, capacity, and stairs ability) were significantly correlated with free-living physical activity. However, stepwise multiple regression showed that nearly all of the variance in physical activity accounted for by clinical measures of walking performance was due to stairs ability. There was very little additional variance explained by the addition of speed and capacity. This result is not surprising; given stairs provide an environmental barrier to physical activity. Compared to walking, stairs pose additional strength, coordination, and fitness demands, all of which are common impairments in stroke survivors. Stair avoidance has also been documented. Shumway-Cook et al (2002) videotaped older people with and without disability in mobility while they conducted three trips in the community and found that those without disability took the stairs more often than those with disability who were more likely to take elevators and avoid obstacles.
Our findings concur with those of Rand et al (2009) who found that walking capacity over 6 min was correlated with physical activity measured as activity counts (r = 0.67). In our study, stairs ability was most highly correlated with free-living physical activity, regardless of whether it was activity counts (r = 0.76) or time on feet (r = 0.69). This suggests that while walking speed and capacity are valid in predicting free-living activity in stroke survivors, if time permits only one measure, then stairs ability will be the most accurate predictor.
Several limitations of this study should be acknowledged. Information regarding the diagnosis or the severity of stroke was not presented because participants were recruited from the community and such information was unavailable. In addition, free-living physical activity was measured for each participant on the same day of the week for two consecutive weeks and because there could be variations in the average amount of free-living physical activity performed on particular days of the week, this may have reduced the strength of the correlations obtained. Moreover, ability to use stairs explained a maximum of 58% of the variance in free-living physical activity, which suggests that other potential predictors such as impairments and level of confidence could contribute. The findings of this study are from relatively high functioning community-dwelling people with stroke and may not apply to those with severe walking limitations.
There are several implications from the findings of this study for clinicians involved in the rehabilitation after stroke. First, if time allows only one measurement of walking performance to be collected, then ability to use stairs will best predict free-living physical activity, and therefore should be the first choice. Second, free-living physical activity in the community may be increased if attention is paid to improving the ability to go up and down stairs during rehabilitation after stroke. Interestingly, stairs training has been included in community-based group programs for people with chronic stroke (Eng et al 2003) . Further research is required to examine prospectively whether stairs ability improves free-living physical activity of communitydwelling people with stroke. Lastly, discharge planning for people with stroke moving back into the community could be facilitated by utilising the prediction equations and providing additional training if indicated. 
